Abstract. When heated by incoming IR radiation, an uncooled infrared sensor changes the temperature variation into a voltage or a current signal, which is detected by the readout circuit. Uncooled infrared sensors are usually made by building cantilevers on CMOS circuits. However, their performance is limited by the low absorption efficiency. To improve the absorption efficiency of an uncooled infrared sensor, the surface-plasmon-resonance structure is proposed in this paper. By COMSOL, the variation of the infrared absorption efficient with the structure parameters is simulated and analyzed. An absorption efficient of 98% within a specified spectral band and 30.5% averaged within the whole wavelength range is reached by parameter optimization.
Introduction
The study of uncooled thermal imaging detector arrays was proposed in the 1960s and entered a period of rapid development in the late 1970s. In the past few years, uncooled infrared focal plane technology has been rapidly developed and has been successfully applied in military, commercial and civil fields. The use of uncooled thermal imaging detection arrays eliminates the need for a complex cooling system for the entire infrared thermal imaging system, and the cost is greatly reduced. The cooling sensors were replaced by uncooled infrared sensors which have light weight, low power consumption, small size, reliable performance and easy operation in many fields.
The most common method of a microbolometeris to use micromachining to make a suspension bridge on a CMOS readout circuit to realize. This article studies one of the resistive bolometers based on VOx materials, by using the film resistivity change with temperature, and then the photothermal signal received by the detector was changed into voltage signal detected by the detection circuit. In order to improve the absorption efficiency of this sensor for thermal radiation, a grating structure based on surface plasmon excitation was studied in this paper.
Surface plasmon polaritons are electromagnetic waves propagating on the surface of a conductor. Free electrons in metal will oscillate under the irradiation of the same frequency photons, SPPs was formed and propagated along the flat metal/dielectric interface when the light hits the metal surface. This excited state is confined near the interface and is distributed exponentially in the vertical direction.
The excitation modes of SPPs mainly include: prism coupler, excitated by total internal reflection; waveguide mode coupling excited by evanescent waves on both sides of the waveguide; strongly focused beam, satisfying the wave vector matching condition with a large incident angle provided by a high numerical aperture; coupled with a grating to generate grating vectors satisfying the wave vector matching conditions by light diffraction; near-field excitation, light waves containing no less than the SPPs wave vector are generated by the probe tip. In this study, the commonly used grating coupling method of solar cells is used to excite the plasmon, and the resonance wavelength is adjusted by the modulation of the grating period to improve the light absorption rate.
The use of a grating structure to promote light absorption is widely used in solar cells and other fields, but there are not many studies currently used for uncooled infrared detectors. Using finite element method, this paper studies the method of using grating structure to improve the absorption efficiency of infrared uncooled heat detectors, and proves the feasibility of this structure.
Device Model and Principle
The uncooled infrared detector designed in this paper is an infrared microbolometer based on a grating structure. The schematic structure is shown in Fig.1 . A pixel diagram of an infrared detector with support cantilever arms for the entire pixel structure on both sides is shown in Fig. 1a , and a sectional view is shown in Fig.1b , who have five layers: grating, passivation layer, absorption layer, support layer, and reflective layer.
Grating is located in the upper part of the detector pixel and is deposited on the silicon nitride passivation layer. Silicon nitride materials are coated on the upper and lower sides of vanadium oxide to provide insulation on the one hand and support layers on the other hand to reduce heat loss, and form a suspended structure supported on substrate. The thermal insulation performance of the detector is a key factor affecting the detection rate, and the metal wires on both sides of the cantilever beam are in direct contact with the two ends of the vanadium oxide, and the bottom processing circuit is also connected to form a conductive loop. The bridge arm also takes into account three functions of mechanical support, thermal conduction channel and electrical channel.
The light is incident from the top, passes through the grating and is absorbed by the multilayer film structure. The temperature of the detector changes accordingly, which in turn causes a change in the resistance of the vanadium oxide. The peripheral circuit processing completes the light absorption detection. The main principle of the device design: the use of metal gratings for coupling, in order to form a surface plasmon wave that propagates laterally along the material surface at the interface between the metal and the dielectric material, then enhanced the absorption rate. 
Simulation
Surface plasmon resonance usually occurs at the interface between metal and dielectric, but metal oxides also have this effect, which can be expressed as follows:
Ɛ∞is the high frequency dielectric constant, ɷn is the plasmon resonance frequency, ɷc is the attenuation rate, Sm is the oscillation intensity, ɷm is the resonant frequency, Гm is the linewidth, and m is the order of the Lorentz term.
COMSOL is used to simulate the light absorption characteristics of a grating detector structure. By comparing the influence of different structural parameters on the absorption efficiency of the detector, a more qualified model is optimized. In order to improve the computational efficiency, only one cycle of the device structure is analyzed. Using periodic boundary conditions on both sides, the material used for the metal grating is gold. The optical parameters are from the literature [9] . The optical parameters of VO2 are given in [10] :
Where Ɛ∞=3.95eV, ɷn=3.33eV, ɷc=0.66eV, and the Lorentz parameter is used as shown in table 1.
The initial structure parameters of the detector were set as: grating period 5 μm, metal grating duty ratio 0.5, grating thickness 100 nm, Si3N4 passivation layer thickness 200 nm, VO2 layer thickness 100 nm, Si3N4 support layer thickness it is 300 nm and the bottom reflector is 300 nm. 
Results and Discussion
Since the S-polarized light cannot generate the SPP wave, the default incident light's electric field direction is the x-direction. At this time, the incident light's polarization direction is parallel to the incident plane and is P-polarized. The incident light band is set to 2 ~ 20μm. The effect of the thickness of each layer on the heat absorption efficiency is simulated when the grating structure is not included. At the same time, when the grating structure is included, the influence of the parameters such as the duty cycle, period, and depth of the metal grating on the optical properties of the device in the mid-infrared waveband is considered, and the absorption spectrum is obtained.
Model Parameters Influence without Grating
The thermal sensor mainly reflects the device's ability to absorb and react to heat. From the point of view of the sensor structure, the silicon readout circuit is usually supported on the top of the silicon readout circuit by a thermally insulated microbridge made of silicon nitride with a small thermal conductivity, and the vanadium oxide film is deposited on the bridge surface. Heat-sensitive films, which are connected to the signal processing circuitry in the Si substrate via the leads on the two support arms. Most of the heat absorbed by the sensitive film can only be transferred from the support arm to the Si substrate, which reduces the thermal conductivity of the detector and increases the temperature variation caused by infrared radiation. Si3N4 is used as an infrared absorption film above the resistor. When infrared light is irradiated on the detector, part of the absorber is absorbed by the absorption layer, and the other part passes through the absorption layer and the sensitive film is reflected by the metal reflection layer and is again absorbed by the absorption film. From the above it can be seen that the thickness of the passivation layer of silicon nitride has a significant effect on the device performance. First of all, the heat radiation must be passed through it to the position of the absorber layer, but also to protect and insulate the device. Passivation layers of different thicknesses have different effects on the heat absorption efficiency. Based on this, the devices of passivation layers with different thicknesses are simulated and the results and partial enlargement diagrams are shown in Fig. 2 . It can be seen that the thickness of the passivation layer directly affects the first absorption peak with an incident wavelength between 2-3 μm. As the thickness of the passivation layer increases, the absorption rate of the first absorption peak decreases significantly. At the same time, accompanying the second absorption peak at a wavelength of 10-14μm produces a red shift.
At the same time, the thickness of vanadium oxide will also greatly affect the absorption efficiency of the device (Fig. 3) . From the calculation results of vanadium oxide thickness, it can be clearly seen in Fig. 3 that the thickness of vanadium oxide influences the absorption efficiency and the absorption spectrum. The line undergoes a significant red shift as the thickness of the vanadium oxide changes, so that the position of the second absorption peak can be modulated by the thickness of the vanadium oxide. 
Model Parameters Influence with Grating
After adding a grating structure to the device, the absorption spectrum of the device is changed. The results are shown in Fig.4 and Fig.5 respectively. From the calculation results, they reflect that the enhanced grating structure causes significant changes in the absorption spectrum of the device, and the absorption peaks from 2 this changed to four. A new absorption peak appeared at a wavelength of 4 μm, a small absorption peak appeared at 8 μm, and the original absorption peak between 10-12 μm changed significantly, and the absorption efficiency at a specific wavelength can exceed 95%. The effect of the passivation layer thickness is significantly different from that without the grating structure. The effect is still that the first absorption peak appears at 2.5 μm, but the absorption efficiency drops significantly from 80% to about 60%, and the absorption efficiency also varies with the bluntness. The increase of the thickness of the layer is strengthened and the phenomenon of red shift remains. It is due to plasma absorption between the grating structure and the passivation layer, ie, SPP wave, the electric field is located inside the passivation layer, so that the propagation and absorption of the SPP wave are closely related to the thickness of the passivation layer, and the thickness is greater and the absorption is higher.
The absorption efficiency of vanadium oxide did not change significantly, and the thickness was still the peak position of the absorption line. As the thickness increases, a red shift of the spectral lines occurs.
The parameters of the grating are adjusted and the effects of different grating parameters (grating shape, dual periodicity, thickness) on the absorption efficiency are compared as shown in FIGS. 6, 7, and 8. It can be seen in the figure that the effect of the grating shape and size on the absorption efficiency is mainly reflected in the change in the absorption efficiency, especially the absorption peak between 12-16 μm, the absorption peak shifts to the right with the change in the shape and size of the grating, the peak Also declined. The change in period is also similar to the absorption effect, with the peak shifting red and the peak falling as the period decreases. The effect of the grating thickness on the absorption efficiency is that the absorption efficiency increases significantly as the thickness of the grating decreases. 
Optimized Model
The optimized parameters are: mother grating period 3 μm, sub-grating period 0.03 μm grating thickness 1 nm, Si3N4 support layer thickness 200 nm, VO2 layer thickness 350 nm, and Si3N4 passivation layer thickness 200 nm.
The simulation results of the optimized model are shown in Figure 9 : Figure 9 . Absorption efficiency of optimized model.
There are 3 main absorption peaks in this structure, the highest absorption efficiency wavelength is between 10-14μm, which is 99.65%, absorption efficiency of 4μm wavelength up to 92%, the device can get a good optical absorption effect. The average absorption efficiency reached 31.4% over the entire wavelength range. The distribution of the electric field is shown in Fig. 10 corresponding to the three absorption peaks. 
Conclusion
This paper introduces a novel infrared bolometer structure and analyzes the influence of its structure on optical performance. The principle of SPP resonance absorption is used to make the device's absorption spectrum in the mid-infrared region, with an absorption peak of 98% or more. Meanwhile, adjustments are made. The new absorption peaks of the new structure correspond exactly to the three atmospheric infrared absorption windows, and the average absorption efficiency over the entire wavelength range exceeds 30%. This scheme enhances the absorption of incident light and improves the absorption efficiency of infrared uncooled heat detectors, which is of great significance for its marketization.
